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PROBLEM TO BE SOLVED: To manufacture a high resistor silicon wafer 
excellent in gettering ability, mechanical strength and economical efficiency while 
effectively suppressing the occurrence of oxygen thermal donor in heat treatment 
for forming a circuit, which is carried out at a device maker side. 

SOLUTION: Oxygen deposit nuclear forming heat treatment in a non-oxydizing 
gas atmosphere at 500-900°C for 5 hours or more is applied to the high resistor 
silicon wafer of a high oxygen and carbon dope, which is provided with a 
resistivity of 100 ohmcm or more, an oxygen concentration of 
14x1017atoms/cm3(ASTMF-121,1979) or more and a carbon concentration of 
0.5x1 01 6atoms/cm3 or more, and, further, oxygen deposit growth heat treatment 
at 950-1 050*'C for 10 hours or more Is applied. According to these heat 
treatments, the residual oxygen concentration in the wafer is controlled so as to 
be less than 12x1017atoms/cm3 (ASTM F-121, 1979). The high resistance low 
oxygen and high strength silicon wafer, having a resistivity of 100 ohmcm or 
more and in which oxygen deposit (BMD) of the size of 0.2//m is formed in the 
high concentration of 1x104 pcs/cm2 or more, is manufactured. 
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14X10'^ atoms /cm' (ASTM 
F-1 21, 1 979 )&±.^^§mi^O. 5X 
10'" atoms /cm' iJUi-PifeSii^i^ • 

BSa^n? 5 0 0-9 0 or X 5l«Bl^U:©l»»fW« 

JgfiSWI^fifiU Mfc:9 5 0~l OSOTCxi 0^ 

cio, tSKr>x-/Nftifl!)gs^iy^* 12X10' 

^ atoms /cm' (ASTM F-12 1, 1 
9 79 ) OTtcSUSJI-S. ^i^AUOOQcmJeU: 
■e. rtSRCO. 2 /imWTa^OiO^fftiJtJ) (BMD 

) *n X 1 0 ' m/cm^ &±(ommmmi£ 



□ 



II 



n 



I i 




JP 2004-6615 A 2004.1.8 



im^m 1 ] 

1 0 0 Q c mlJt±Ofifii^*W-r 5«fita-> U^y-^x-M-pfeoT, r>x-/Nrtg»K:o 
. 2 /i m-9--r XW±<D^^ef tBfe ( B M D) AM X 1 0 ^ ffl/cm^ i;i±©SggT'0 
fiK^n, "^x-ZM^KOK^iifiA^ 12xi0'^atoms /cmV (ASTM F 
- 1 2 1. 1 9 7 9 ) &,~fV^*) . ^mmmt^O . Sxio'^atoms /cm^ 

Cil^«2] 

wllB'^X — /N^a5±1?g|g^n50. 12Mmi?-l'XlJ(±(DLPD (Light Pol 

nt D e f e c t ) 0 . Zfil/cm^ J^tTfClSflfP* txfcll^^ 1 K ^^©ilffi 10 

taS/ U 3 y^^x — /No 

1 0 0 Q c mJet±(D»Si^*«-r SlSfiti^ y 3:/'>x-MTfe-DT, -fenxy^i/^jc 
<J:r5T«im?nSgrown-i n^iiH8<DlBaAMxi cm~ 'JKTTJ&O, fx 

-/NrtapJCO. 2 /I m-9--rX«±0Ksg«f Wl* ( B M D) *M X 1 0 * m/cm^ 
±<DmmvBmiti. '>J:-/sft>(0mmm&1M 2 XI 0 * ^ a t o m s /cm^ ( 
ASTM F- 1 2 1. 1 9 7 9 ) JJiTT* S iSfilaS/ 'J 3 > x-/n„ 

tuS'i'x-/MtioK}li§fiA^ 0 . 5X10'® atoms/cm* W±-^*Sil:*« 

3 fe:Eig©lIfiJi-> y 3 >!>x-/No 20 

luia'>x-/\affiA»&^*< ife 5 /iinJM±©aS*fct>fct>TD Z (Denuded Z 
one) SA^Jgrit$nfc»*S 1 X 3 k:l2«® «Sfii-> U 3 >">x-/n„ 

MiBfititstsA^ 1 00QcmJei±300Qcm*SI^ 300QcmiX±2000Qcni*}i 
. 2 0 0 0 Q c niW±©#aBIIK»S'>X-/NtJi<D»^«aE (ASTM F-121. 1 
9 7 9 ) (DfllAK ^tl^n 12X10'^ atoms / c . 7 x i 0 ' ' 

atoms /cm' . 5. 8X10' ^ atoms /cm' JJtT©l6Hf<:$!l 

ffll^nfcH** 1 Xtt 3.K:iBf80iSStfi5/U 3 ^-^x-Mo 

im^m?^ 30 

fiJri^AM 0 0 Q c mfei±T'. SimSfiAM 2 X 1 0 ' ^ a t o m s /cm' (AS 
TM F-121. 1979 ) fei±. K^jgSA^ 0. 5/10*^ atoms/cm 

^i&mmmm^mtc tic^f) . mm^:c-/^tp<ompmmmm^ 12x10' ^ a t o 

ms /cm' (ASTM F- 1 2 1. 1 9 7 9 ) iXT K ffl ffll f 5 C i: J& "T 
S Jlifitti^ 'J 3 y>x-/\©i!iig:^fao 

fiSi^SAU 0 0 Q c mJii±T-. ffi^jiSAM 4 X 1 0 ' ^ a t o m s /cm' (AS 
TM F-121. 1979 )JW±T'S0,J.O-lr3X-y^>^/{CJ;oT«IW^n5 
g r o w n - 1 n ^liPBOSBfiAM X 1 0 ' c m ~ ' l^tT T* 5 4088 U 3 > x — /\?: 40 

X-/\ftJ<DS#K^Sfi* 1 2 X 1 0 ' ' a t o m s /cm' (ASTM F-12 

1. 1 9 7 9 ) IJtTti&Jap-r S C i:*1tai:-r SlSfiJiS/ U 3 >'>x-M©Sijg75rffio 
[i3^«9] 

M£S^«f tU@mfi£fl^9i^ 500'>'900'COia5-?5 J£(±<D^Mf%^9 7 £ ^ ^ 
7 Xtt 8 Ce«©SSIn[S^y 3 V'>X-/\Og{Ji75r»o 

im^m 1 0 ] 

KTEfiia^SaaC^feff AW O 0~9 O 0*Cx5«fg|W±-pfeS»*«9 fCEig®JllS$i5^ 
•J 3 y «>x-M©S!ii;6rffi. 

[IS:^fi 11] 50 
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tammmm mm ^mmft^mii^ 950-1 o5o*ic<DMa-??io mm&.±(omMmmm-v& 
im^m 12] 

mmmmmiumm^^^nikmomic^ mm^y 3:-/\ici 1 oo~i 2 5 ot^aa^H-ei 
1 3] 

[||^« 14] 10 

19 E « n * a » i» jffi a « * ^ if X X «4 7 ;i/ =r X s L < (4 en 6 o g ^ ;!f ;^ ^ H tt -e 

15] 

•rs»*a 7 xa 8 fe:ie«©sstas/u 3>^'x.-M©«ig*ifeo 
1 6 ] 

tmmMmm^mmmm(oikf\riifmm^mmm^^-r^ 1 1 5o~i 3oot:xi~6of^-p 
Sb^mntm 1 5 fcsis©s«5t->y nv^rx-MosjiTSrffio 
im^m 1 7 ] 

luElOflBi'U n >•>x-/^^t^^DK^gSA< 0 . 5 / 1 0 ' ® a t o m s /cm^ «± 20 
[0 0 0 1 ] 

[0002], 

[(it*oa*g] 

S*^Ji:*:bTt^5o R F (Radio Frequency mm 30 

K) leiaSO^Jf »«K{±. G a A s Sif ®fl:^%l¥^i*StBj!)^Ml/>6tlS C 

[0 0 0 3] 

-:^r^ 3 > c M 0 s ti. < . R F m^fctt^F® i:#it ^nTi/>fc*K 

jfii^O^ Lv>«fiBfl:-^SW-OJi®{i:<J: -pT R F@Bk:feJifflnrffii:=5:^T^fc„ cofc* 
. ^3^'7;I/X + -ffi (CZS) fcJ:5^S6iJeS*fieofciliS5/U 3y>x-/N-^S O 
I (Silicon On Insulater)'>x — /\!S:H<0, RF^ttCfinflO 
iSe^fttfCfinfcJifSJiOS'y 3^^rx-/\««, G a A s It EcOit-^mB^mWm^l&KKti rj 

[0 0 0 4 ] 40 

M'rx^-*-©ffi!n?'>x-M<oaK**^$^lcSfi!i?-e^5 t v^5:*:^*KfiA^*S„ 
[0 0 0 5] 

2tifca^©figtfi'>x-/N©<i-g-. H:?--*<!>x-M©gta^K:^x5K»t± 
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[ 0 0 0 6 ] 

^g6n5*^ mcz m'^'^m^)^''^ if>(o^m^i6i^tr ^^mmo'^ y n > »>x-/n{±, 

6X10' ^ atoms /cm^ iJlTttfflilTfeOx Z 0 0 mm^ x. — f\-Q\,t ^ x \ 
0'' atoms /cm' A^KI^ i: * nT 5 „ L fe , filft ^Mif © U 3 >' 10 

o 

[0 0 0 73 

AM 0 0 Q c m«±-e«IIH«?IHII^iga*» 1 0~ 2 5 p p m a [JEIDA] (7. 
9~19. 8X10'^ atoms /cm' [01d-ASTM])-Z?^S^yn 

>#«espy F^Wfigu. ^#isspy FA>&«omLfc$/y 3>!>x-/>{cii^«fajii 

ffla^ff oT, «>X-/Nt|i©a®|S?ffl||^afi*8 p pm a [ J E I D A] (6. 4 
xio'^atoms /cm' [O 1 d - A S T M] ) ttTfciHIB-r 5KtBA^E« 

^tlTV^So 20 

[0 0 0 8] 

[f$ff*iKll 

HISi^MSO 0 /5 5 3 9 7^A:/7Uy h 
[ 0 0 0 9 ] 

iifl!)K«CJ:«fc. «I»!lt^SltA<»v>iafflfl!)S/yn>!>x-/N;&ffiffl-rsci:k:j;0> 
S/jH-^x-MOSiinx hA^ajflStftSo «I)B«^i8fiA^«v^iFlffl©-> y 3 v»>x-/n:& 

ffiffl-rsK:t>A>A>t>5-rv ^-oi^y 3>«>x-/N{cgi^«fafij!!ia^fT3 c tfcj: ?i 

, ^^fflOll*«fm« (BMD) A<^J(K2n«o COfcfe. X- m © y y y 1^ 30 

[0 0 10] 

[^«A<I»»IL J:3 t-rsHH] 

T^tt©ll^«rHl^ (BMD) ^^jS-TSCi:. ft If ^ ©^« ©Bl^«f Wlil (BMD) © 
^figjc J: OSas^y 3>!>x-M©SSII^Sg* + i^ji:?| $ Tlf tA<i£^Si:ftSA^ 

, cnei<:eHLTaT©rasA»^cSo 

[0011] 

Mi«c. SSi^y 3y>x-/x©jSBK^aa*TCf«c:i:ti. ^'©'^ x-/N©«tSW3il 
fi*fiT2-e-5JSHtft 5« Ctltt, iaiaaft'fc«>x-M3£ltSI5ft if A^^^^LfcX y 40 
:^iEfi[A^II^R:J:OH««n. -t©|g«, X y -y rgA*ll^ii«©±# i: t JcffiT-T S 
[M. Akatsuka et al.. Jpn. J. Appl. Phys., 
36 (1997) L1422 ]£:tA^e»fera6A>TfeS„ . m^Kf^mt ^ 
mirtX^XmrnVi^m (BMD) A^&S. BMD©»S(C^^S^#»^!^T'«^o fc^ 

i)%«i©jLaifif*i6j±^*5A< (i^i^iiiR 1 ) . isi • eaiS*A^:^$v>«^fc«. bmd 

gfl^A^xy «y :^ISffiaii:i5:D. ^llt A^fiT U T x -/n A<£ 5 feglttA^iSt^ (K. Sue 
oka et al., Jpn. J. Appl. Phys., 36 (199 
7) 7095) „ llx/^1'X:^P"bXT-'>x-MfC#in?n«l» - e«(S*tt, -r/^-f 



(5) 



JP 2004-6615 A 2004.1.8 



[0012] 

m 2 ©BaStt. COPCCrystal Originated Particle:^ 

nom-^Pa-e (111) ®TH«nfc#-f K^H6) ^f^^r ^rctb(D7i(.mT /i^T 

[0013] 

(i^J' 7X^f-^HS*HttJgSWfiK®S-eieSrtfe:©ASns^(:H8T?feS C grow 
n- 1 n^(ilBfcfeW*>nTV>5. ^UT, y >i^«0 S F l8Sfe®«rt«!l©»t^cHl®«A> 5 

[0014] 

«K:tt^-©4»n:>a5TfM«'rsA^ c(Dt^(oo s ? n^mm(om9imBViitry3^a<o:^ 20 

0 S F%4®«*x/WX}gjS«lS^©'>x-Mi1.ffliliia5»cfil[®?-«t5 J: ^ fcWfig^ff^ 

a«?-r s c i: A'^v>„ ^^©iga. »>x-M:^ffi{c#s«:cop*^^a#a-r5<ii:{c*o 

, C© * 5 ^-fx-Mlftt. C 0 P 7 y -{b©fc4&»c, fiP^x/^'f X^lg^i: LT^^fflSn 
S«>x-/N^®g|J3&»&C O P«»l»-r5fc*fc. 7';P:fVTx-;l/->f.*^rx-;l/%ai-r 
©A^3l«f!Ii:*oT<r^«o 
[0015] 

rob. m9iimpffiis>p>(om^m^u^sKj:^w^ii^mti-iEnZo ^lt. isfg«i«>x-/N 

)b^a^SI^*fi%i??§SS«nfc«-&K:tt. M3b^©f5SiTfcc»T'fe'>x-/\©ast^3{»^ffii!gfc 
[0016] 

Ctlklfin^v *^7x-;^•ett. *ilii7£f^fflfe:<fet>T'>x-/N^®© H-/1> hAtjrJ.:?^ 
iSilLv r>x-/\^l©ajii^A»^< J?f^©»Si^lBH«:*-r SUffifit 

'>x-/N:&»gJ:<S!Ji^SJii:A<glL<«:5o -:^r> T rf >' T ::i - 4/ li . JtcMT - 
-;P©J:5ft5ilt^S7cf^fflttS:v^c fcA^P.. ^'x-m^®© K-A:/ h A^51.?5rlfi:»L, 
x-;N«®©gtfi^A^!i<S:5i:i^9^JStt*v^fe©©> MK. fiJaatftc "^x-M^ffi 
©g^KfliHA^I^^^ti. l^^&^nfcSi^llfklSff fc^SnS K-/^y h^ffi%l*<'>x- 40 

[0017] 

cne.©fcii). iig*i'>x-/N©Sligfc:feoTtt, C 0 P 7 y -{k©fci6©7;l':J>Tx 
[0018] 

*%w©B«ti> y y y ^'^''fiiKfins x/wx^-*~©{ii-e^ffi^n5 HI 

Km^ffl^Jaa'e©K^'9--"r;l' H-^-©^4*^SWk:iqiiBli?#x L*^«,a««®|g© 

igi/^;iffijx'>y 3 :/r>x-/NRif ^■©iiiiTSrffi^s^'r 5 c t fc«s„ 

[0 0 19] 

*55iB©9J©B«tt» y vi'^CffinS x/^-f X;?t-*-©flI-p||Jfi*ti 50 
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[0 0 2 0 ] 

;P K:?--05S4*»M-r5?5rffifcot,^T«^i* Lfco ^cD|g». H^WlHI^ (BMD) 
rrUia, *(*«ic(iii^«fto14) (BMD) OWmffiSt^k:. flS-trcDjl^Waiftl (BMD 

) <D^>f xa^mmitc ta^mmLrco lo 

[0 0 2 1 ] 

*fc, +4)-*il8«©lft^«f (BMD) ^«fm$-&fci:*tKjSi:*5^fifiTKitL 

n^^nw^TfestoisiSKiSLfco Kig©si)ntiS6^#f (bmd) (ojem^mm-r 

[0 0 2 2 ] 

1 OSgtfii'>U 3i/!>x-/>{i, 1 0 0 Q c m«t±©fiJa^*#-r«iSJa«i5' 
>;3:/»>X-/N-efcoT. '>x-/M^aK:0. 2|t m^-r XUl±<DK^«f tfltJj ( b M D) 

AM X 1 0 " ffl/cm^ u±(o^m-emmtti. '>:c-/stp<ommm&ti^ I 2X1 0 20 

■'atoms /cm^ (ASTM F-121,1979 ) T T? * 0 ^ 
fiA^O. 5X10'* atoms/cm' ft(±-e S t> ©1?* S » 
[ 0 0 2 3 ] 

2 ©a^fiSti"; n i/«>x-M(4, 1 0 0 Q c mJW±©aJi^:&#-r5lSfiSi-> 
UnV^x-M-eaS-^T. •fenxy^y^lcioTtftffi^hSg r own - 1 nXm(Om 
gAMxio' c m~ ' JJ(T-Pi5 0. -^x-zM^SPK 0 . 2 /i in-9--f Xjii±OK jRW ffi 
fe(BMD)AMxiO* m/cm' «±©«fiT?)g^?n. '>x-/N4'©g|^iSSf 
AM2X10''atoms / c m~ ^ (ASTM F-121. 1979 )]WTT 
feSt»©T?»So 

[0 0 2 4 ] 30 

i/^-rn©«fifiiS'y 3>'>x-/^^cfe^,^T^>. r>x-/vrt^fco. 2 m-9--f XJst±©^ 

aH«S (B M D) AM X 1 0 " m/cm^ JW± ©fBfi T' 0« ^ tl T 5 <1 ^ .t D 
. y>y ^rij v^tllCffnSo t!I«IS«i:UTiRMO«ll|g2/U3:/'>x-/\««eMTf*S 
©•e. SjgnX h*fi«-p#5o "^x-zNtfiCil^jiSAM 2x1' 0' ' a t cms / 
cin^ (ASTM F-121, 1979 ) JSiT fC ©J K ^ tl T 5 C t C * 0 . f 

f'x^ -*-©«! T-5ifli^ns@»}^figffl^jaaT©ss^-tJ--v;p K-^-o^^^ajsH-e 

[ 0 0 2 5] 

«>X-^Nrtgi5JC#ft-r5il^«f m«5 ( B M D) ©SBfi*M X 1 0 " m/cm^ J.X±© 
jaffifi-pfeoTt, -D-W XA<0. 2 iim*ji-l?*5i:. 0fS8©a«A^#e.n^:(/^o ■y-W' X 40 
A^O. 2 mfi(±©*i?©ll^«rm» (BMD) KmUL. C ©*S?«f 1 XI O" 

fiAMxiO" ffl/cm^ *SlT*i6S i;> m»i©^a*A'S6ni8:t^o ItfcJQFS bV^m 
gfiixio" ffl/cm^ l^±T««o 2:©ffiS©±i®K:ov>Ttt^0 Kli^fiT* 
Si:, K«ft««IWafi©«TK:eHUr»>x-/NA^g}gt, ¥fflJtA^fiT-r«o C©li 
^A>P)lxi0' ffl/cm^ JMTA^»*UV>o 
[0 0 2 6 ] 

r>X-MiH©«#8|^aaK:o»,>Tti, 12x10'^ atoms /cm^ (AST 

M F- 1 2 1. 1 9 7 9 ) jg-efes i:. x-'^-rx;?i-*-©iii-eilfiti*ns@Bngifi 
ffll»«iaT©»^1J--v^ H-^--©56lfeA^+d*K:«iia«n=B:t>„ ^fjarftH^iifiti. jKfg 50 
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^OKl^jifi(il2X10'^ atoms /cm^ iJtT-efe5*», 300QW±20 
0 0 Q c m*SI<DJi^©»^iiSt4 7 X 1 0 ' ^ a t o m s / c m ^ JJ(TA^»*b< 
, 2 0 0 0 Q c mlU.±(Om't (DmmmmH S.Sxio'^atoms /cm^ 

KK^ffttil^ (BMD) ©lgin*#9« C<DiiinJ{±Bui^Lrci:feO '>x-M<D^Jg©llK 
KftSo COfc fe4xlO''atoms /cm^ JK±*^if$L«/''o 
[0 0 2 7 ] 

*0. 5X10' 8 atoms/cm' Jet±fC b fc C fc i ») , St^«f ( B 10 
MD) \>x-/NSlfi©ffiTA^*P«WSn5o * fc . fiS^OSiDfi gm«f W 

(BMD) OJgfiJc*{Sii1-5ja«fefe5o !|^fCj(fSb(/>l^^Jga{il XI 0' « a t o 
ms /cm^ fei±T?fe5„ e?^iia©±fBfc:ov^Tfi, U 3 ^(fKDKIIOHiSa-^ 
*5 4 X 1 0 ' ^ a t o m s /cm' * T? nffil-e* S A^ Sfe 0 K ^V>»Jntt<6S WiS 
l^tWiEfflfll^ffiJi'r 5. C©fci&**||S±tt 1 X 1 0 ' ' a t o m s /cm' fc(T 

[0 0 2 8 ] 

*I8W<0^2 OKS$tS/U =i>!>x-MK:fet,-»Tti. -b n x y > J: o T«a 
StlSg r own-1 n^PBcDSe^l xi cm" ' UTfC^JffiLfcCOP^U — 

ig^A'^ffl c: t tci 0 . C O P :7 U -{k©fci6® 7;l/rf>7::::-/l/-^*^T:i-;P 20 

[0 0 2 9 ] 

*fc, *5SW©^l<DiSa4r['>'j3y'>x-/N<Di!jii:^ffi{i, gJi^A^ l 0 0 Q c mJJt± 
•^,K«iia*M2X10'^ atoms /cm' (ASTM F-121. 197 
9 ) &L±. mmWimH^O . 5/1 O'* atoms/cm' JW± 5 «] W U n 

* D . Bir£'>x-/N4><DS#e^©a«^ 1 2 X 1 0 ' ^ a t o m s /cm' (AST 
M F- 1 2 1. 1 9 7 9 ) JfitTJCiHai-rSfcOT'feSo 
[0 0 3 0] 

2 ©itigJx-> U 3 :/'>x-M©Sig:^}Stt, fitfi^A^ 100Qcm«±-p. H 30 
^iia*M4xl0'-^ atoms /cm' (ASTM F-121. 1 979 ) 
J^t±T-*0, S.O-fenxv^^i'KioTeim^nSg r own-l n^cPBOgBKAM x 

10' c m" ' j«T-ea&s«mi'>u 3>'>x-/N«M»/''> cncujRwagEjgfigiiffia 
Rrfmm^omn^&mi&m^mr c ttc^t) ^ mm^^i-j^'^com^mmmm^ i 2x1 

O'^atoms /cm' (ASTM F- 1 2 1, 1 9 7 9 ) t ©JSP^ * "E> 
© 5 o 
[0 0 3 1 ] 

:^^m<OMtSLtfi-> V n :/'i'X-MCDg|Ji:^gfcfc(,>T«, g||gafij!i<14xio'^at 
oms /cm' (ASTM F- 1 2 1. 1 9 7 9 ) J.X± . ^ K - ^ tt 1 

2X10'^ atoms /cm' (ASTM F-121. 1979 )tt±©afK 40 
jgSSaJii'U 3 y!>x-/N*<«}H»«i: UTfiEffl^ns c tic J: 0 , Siinx h*^(S»$ 

nso wmiimsSA'iSv^cticjra*. f»«ia^©5S#K^iifi*^ i 2 x i o ' ^ a t o 

ms /cm' (ASTM F-121. 1 9 7 ) JStT < , 1.0 K^«f ffi^ JS ^ 
ffl9&tfai^«rti}«!ll£Sf»ffil[©2SI»ffill;!)t^iS&$nS(i2:(c<): »). :*;^©is^«fmi^ 

(BMD) A^sffifitjgfiicsnso *#«»cfi. 0. 2 II xu±<ommmm^ (.B 

MD)^1X10^ m/ cm^ tA±(0^^mVB^r'^ JltliC^ >) ^ y ^ >J > 
^mtC&nfcM1S.tjiiyV^y'>x.-/\1)'immtEtl?,o S#g6sg©fiA< l 2 x l O ' ' a t 
oms /cm' (ASTM F- 1 2 1. 1 9 7 9 ) IJ^T K Sd PB S n S C t IC * 0 

»i$ij$n:&. 50 



(8) 



JP 2004-6615 A 2004. 1.8 



[ 0 0 3 2 ] 

mm^m^ (bmd) . i^tcx-Mssgpt^fe-r 5Bi^«fUjfei (bmd) a. x/w 
B3Sk:**bTtt, ii^«fm^ (BMD) ^miiitE-it^micmm9\-:^mwimmm^ni^. m 

mVitii^ (BMD) ©«f til^S^ffi±-r S d t K i 9 . ^'X-yNflD^egSfC D Z (Den 
uded Zone) S^J^ri^f S © « 5 o C0P7U-ie^;&«fflb^ 

7*/<-rx»ttia±Oi(*^6. «aiiKSil8T?4CS C 0 P. Kffi^'^X^r^O 
g r own - I n^R5*'>X-M*®gI5*>S#f|^-rSCfct»SS3&0> CtltcKthXHm 

^ ii- ^ iS gS[ i» «i a T? © s H sc a 93 A< « ^ s s o 

[0 0 3 3] 10 

«iws«iK:»-r«0!iR K-:^tt. mmvuavm (bmd) <ojB&^^m'r^i^m%mir&. 

0*^ atoms /cm^ * T*Tlf T . +^J-ft««0||^#f ( B M D ) A^fil« 
«n5o LV>Raififitt 1 X 1 0 • ^ a t o m s /cm* «±T?*S„K« 

iBfiO±K^^:•^^,^T^±. =i > <omm<ommm:T & ^ 4xio'^atoms /c 

lliSII±{± 1 X 1 0 ' ^ a t o m s /cm^ t(TA<»$H,^„ 
[0 0 3 4] 

T'^^-f xie^fa^xtcis\,^xmmmmm (bmd) A^^MiSPc^rs^siki^* Lrt*. 

X — M^ffijb^i^^a: <fcfe5/tmJK±©S^K:t)/cODZ (Denuded Zone: 20 

T I 0 0 O-Cx 1 6l9llfl<0|l»«l9il, r>x-/s«»Bit. SlRxy^y^^JK CH F : HN 

O3 rCrOs :Cu(N03 } 2 '■ 2 OrCHg COOH=1200c 
c:600cc:250g:40g: ITOOcc: iZOOcc) Tf^x — 7\^iaDB;& 
2 limx-y^ytrv^ )t^»««KTf X-/N^®A^&'>x-/NaE^:^riPlfc 1 ^B(Dxy 

[ 0 0 3 5 ] 

»>x-/\fc 1 10 0-125 ov<ou&mmi* i 5f^m<omm9y:^WLmm9&m^m 
•ro*^»$Lv>o c(ommn:^t&mmmmic^o . '>x-/\^Hg?*^ffiigsRft itig«f 30 
(BMD) <ojef&f&&i)'^m.±iti^cttcj;:o. d zmifBf&t^n^o 

[ 0 0 3 6 ] 

p S-fx-MtDfi^v *^:tfXf?ffl^-efT5c: i: T>>x-/\^Sgp©4^ n >A^ir|.:)trffigS[ L 

xmm&yfi^co. M&^itimm^n?,. $fc. c 0 ? i:ii:?n5^sWiiE«p»cmfig 

*nSgrown-l n^B*^»«:fl:b, •>x-M^Ji»-ptt-9->f X©«/>fl:. Sfcttjg 

MA^BjfiifcSrD. mmmmvis (bmd) (o^tEtm-^x^3^~/^&m.^m±^-^^c ta^ 

•e*So T;P=r>:<rx#H^T-fT5 c t fc<t 0. *^:i!fX#iB^<Q«^i: I^SK: g 

r o wn - 1 n^HBA^ilS-rSo ^-©£05. ^jaS^ff 5 iSait fc J: ^ T tt^l-gp A> 6 4? n > 40 

[ 0 0 3 7 ] 

mm9i:^&mmmmic-oi,^xii:. mi&LrcMummm<om9&mtcR^xMmmmuf!(kmm 

(RTA:Rapid Thermal Anneal) ^fJpCi: A' 1?#S„v:^y7 
x-A'tfcPf tftlSCOR T AffiStt, *«fc5Sl^ra-e'>x-M^JiglJ<DlilR:fei1.7ja» 
«-e:S<l t A^T-^5„ Mtctt, C <D R T A «ia* JSS©g^5!fX^*tliB^1*fT 3 C i: T 
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'>x-/N©«j«)i»^iiS*^*^icifv^®^fctt, <l<DRTA^^la*ffafc^t1?•>x-/^rt 

1-5.1 i:t,-e#5o SfeftiS-rS J: 5 C <D R T A SaSti C 0 P 7 U -|gS% ffiffl-T s 
[0 0 3 8 ] 

BP^v C 0 P7y-«gS©**»K:B:, ^?L*^fi»*®ig fc «tFH U 3 i: 
A^igfttfc<?x-M (M*tfOSFU:^^^*^ffirt»i:^4Lfc'>x-M!&H) tfeO. c© 
<k ^ ^iK^MJg?*^®ft"r 5 ^'X-M^ffi^ ';?X-M©g;^I^JtC:feVTBMDO 

a-pR T Affla«jti-r fc. '>x-/N^jii*»B^?L**+»icttA?n«fc«>. g:&i^i©^7L 

R T A«i9(t:<):3II^^^S»%%l<: J: 0« <^x-/\^Ji^(c d Z JiAfiiefil$n-&. 
[0 0 3 9] 

$fc. •>x-/N±jBA<ra-«SS®«A^&S:S C O P 7 U -ilSS («! * O S F U > A< 18 

uf£ii^«fmffiJt®«<D»*>^4«'>x-/\) ^fe^iffl-rsii^icM:. RTAjaa^rat^* 

[0 0 4 0] 

BPS. C 0 P7U-|geA^lgJi««£«ES<0Jg^». mm9^:^mWLmi&mt R T ASH 

SA^»jgT-feo. R T A«iii-et.5i«oiiiR^:firJi!:»f»«ii! ( 

[0 0 4 1 ] 

R T AfflUO^fftt 1 ISG-lSOO^xi-eO^A^^SbV^o *Hf!8:6l 1 50^ 

-n. 1 3 0 0 t:*iB*«fifi-e«. j»«iai$fcr>x-/Nfc:x y y 7"<g<a3ai«5i^ lt t * 

[0 0 4 2 ] 

e^ff WKjgiSiiffiat bTtt. 5 0 0-9 0 0 t:<DMST? 5 i^rajM±<ofiia5?aiaaA<» 
TfeoTfe J: < , itts^-rs fe<o-ef±*v'»o iisaaaaA' 5oo*c*si©«^a. 

Xll^lH4*#*5 i:«lSA^Bgl t 5:«o 9 0 0 'CSO«^{iv IJ^^llSitSiS 40 
»ii-rA^ iSffi«IlSAfffi<. +^«lim«rtiJ@EmiS«^il-rS <: 2:A^BIi2:35:5o $fc. 

f^ffla«frati^j!aass. s«st^i:ii«iL, if^iifiAM7xio*' atoms / 

iis-rsc fcA^Hfit-efeSo bv^n^Orm^^fiiti^ifflafiati 7 o o~9 o o-c 

■7?sso iintie 5 o"c-p3 o^»<o1^--'T;l/K:^~^B3gi»J!la*^foTt,. ssssotc 

A<*58ra#p»K: J:5iiSA^&flW tfcc tfcts, ii<Dxa. - K -^-O Jgfigtt g*i4* A< 5 
0 0 Q c mW±©'>x-/NT»S«-e*So tSf oT. 7 0 0 -9 0 0 tOU^^rajeEIgfiSil 

jaati^ 5 0 0 Q c mw±©!>x-/NK:i#fc:«jan?*So 

[0 0 4 3] so 
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mm«rtiimmmwkmmicm<mmviiiiviii^mm9&mt Lxii. 950-1 o5ot:(DMS 
1? 1 0 «rKJ-x±<Dft'fi^«aa*^»* Lt^o mMM&m^ 9 5 ovykmnm-^n. soo- 

*t *«)|||g«rto«!li: UT^g-r S o fcA^HSttC^aSo 1 0 5 0 iCS(Di©^(±. 5 0 0 - 

9 0 o'c<om&fi&m(ommmmmm&m9!kmx'jB&Lrzmmmm^ir^ xt. 9 5 0 "c* 

[0 0 4 4] 10 
[ 0 0 4 5 3 

P*^#aLfc^^S^)&M 2 X 1 0 ■ ' a t o m s /cm' (ASTMF-121. 

1 9 7 9 ) ^mmmtPO. 5x10'^ atoms /cm^ ^±7?. HffiJft 20 

( 1 0 0 Q c mtt±) osjUiSiR^saj-rs (S 1 -3) „ 

[0 0 4 6] 

«i«9S«fctt. igssjcisc. 1 1 00-1 2 5ot:xi 5 mm(ommn:^u.mmmm^ 
mt (s 4) o c(omm9\-:^u.wi^9ikmicj;:o. ^^m-r^mmmT^mmmm^o (bmd) 

t>1t-oX D Z (D e n u d e d Z o n e) m^lB&t 
[0 0 4 7 ] 

o 

[ 0 0 4 8] 

jjt±oerfc*«»iii«fc«LT. *^«iR#fffla«<aii«iai: tT> 5oo~9ooicx 

5mmi:i±<oi&m^mm^n^ (ss) „ »$b<tt7oo^jjt±-pfTdo 

«f m«u«fi«iffiai: LT. 9 5 0- 1 0 5 o^x 1 oi«Hjjt±©t»»sfafiiai&?T3 (se 

) o 

[0 0 4 9] 

cn^O^jaaiC J: D . l O O Q c mJ£l±(OilSgMi'U n^^'^x-MCDrtg^fC O. 2 /i m 
1?-'rX«±©K^*ftBf3! (BMD) * 1 XI 0 * M/cm^ fet±©lBgTJ^fiE fL 
0>J?X-/N(f 1 2 X 1 0 ' ^ a t o m s /cm^ (ASTM F-12 40 

1. 1 9 7 9 ) «Tt«K-r« (S 7) o 
[ 0 0 5 0 ] 

«(*W%'>x-/s»t>©ii^©a (A S TM F- 1 2 1. 1 9 7 9 ) tt . It - T ;l/ K :^ 
-©J: D5S!l«W4aii6!l<Ofe«>K:. •>x-/N©gSt45A* l 00Qcmti±300Qcm*gl 
<D«^ttl2xl0'' atoms /cm' UT. 3 0 0 Q c m&L± 2 0 0 0 Q c m 
*iK<DJi^tt 7 X 1 0 ' ^ a t o m s /cm' fe(Tv 2 0 0 0 Q c m W± ©If^ti 5 
. Sxio'^atoms /cm' JKTt^So 
[0 0 5 1 ] 

«i 5 tTt!jg*n/s:->y ay-^x-zNgiai^x/wx^-A-KaM^na (s s) „ c 
©saoitattaTot^so -efeSo so 
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[ 0 0 5 2 ] 

n«o mzic^ ±m<ommviai^ (bmd) n^Si^miciBm-in^c tK^ty^y ^ v > 
ifmicMn?>o mac, mi^mmm&ti^iS:< . f/^^ 7.)i-'f3~<omr'mm-^ti?>^^m 

mtCtiCji*). mmUKD Z (Denuded Zone) B^J^^LfcfflStt. x/^ 

^xitttfc^KsnSo mete. mm9\-:^^WLm9&mr^<Dmm%tLr7i(.mifx. 

>';!fX«SS?Lfct,©1?t±. grown-ln^PfiOtS/h. MkltiJ^iSfenTfigT'fe?), "i? 
x-/\«ffi±-pSg{?nS 0. 1 2 /i m-9--T XJi(±© L PD(Light Point 10 
D e f e c t ) ©ffifi€ 0. Zfil/cm^ JJtTlCfi«-r « C t * S„ 
C 0 0 5 3 3 

>jPB<D'>U 3 y ^ i-ZN^Sffi-r 5 (S 1 . 2) o *(*«»cfi, -tnx-y^^ytcioT 
«^W$n«grown-in^^fiB<D«a3?)Mxio3 cm"' JJtTT** § ^^ilXPB 
x-/s:^$g%-rs. C(0«!;Alill«i»KiKlK CUmafil 4 xi O ' ^ a t cms /cm 
^ (ASTM F- 1 2 1. 1 9 7 9 ) a±) JLOK fiSt (1 0 0 Q c mJJt±) 
TfeSo 20 
[0 0 5 4 ] 

«««a©l^±*gWi: UT, g?^K-r (0. 5X10' 6 atoms /cm' 

±) *ff9c:t*^T*« (S3) o m<om9&mx^ 3i~^\mmsi^(ommvnii<i!ii 

(HMD) (ommm^um^ti^tctb. mmm^fpo^mmmmii^ 12x10'^ atoms 

/cm' (ASTM F- 1 2 1. 1 9 7 9 ) ft(± $ -efP^ ^ tl 5 » 
[0 0 5 5 ] 

iBMlKKSC. 1100~1 250t:xi ~ 5 ffl © ^^MS ^ 

mf (S4) o c©ii^^i.:«ffiti[^«iaic<j: D\ «©iKii!iaT-©8i^«f m% (bmd) <o 

fct>TD Z (D e n u d e d Z o n e ) ® ^ J^jS-f S » C <0 ll^il-TSf Stffiiiffil! ti . |g 30 
[ 0 0 5 6 ] 

«±©cri: tl!I«S«R:«tT. *f lljR«flH«}glSl»fflllfc LT, 500~9001CX 

5 ^ratt±©ffija^«iii^fT5 (55) o »*L<^i7oo'^cJ^^±1?^T5o :^v^T'. 
ifim^tis,m^mmtLx. 9 5 o ~ i o 5 o t: x i oi^ffltt±o^®ia«ii}*fT5 (se 

) o 

[0 0 5 7 ] 

tlimn:^iLWLlSi9IimK:i^^X . g^:«fX|?fflM*-ei l 50~1 300'Cxi~60g><D 

RTAsaa^fTaiit*.-e€5o ie^®«g«s<D*gs<D«^{i RXAjaaA^fiig^ns 
A^ m--f^^m^m(o^&^.(om-^&nn^mmLx t^ii^o m]^ tfc * ^ tc, 4o 

@S<0^tr'«JIH%«. fifi^tf H^iifiAM 5 X 1 0 ' ^ a t o m s /cm' (AST 

M F- 1 2 1. 1 9 7 9 ) w±o«j«!»«*figffl-rs®^fct4, ji^«fas0fiKiaia 

[0 0 5 8 ] 

C ne ©raffia J: ») , 1 0 0 Q c ml^iOiSfitfti'U 3 ^e^x-ZNOrtSSfc 0 . 2/im 
1)-l'X«±©lll^«fffi1& (BMD) ^ 1 X 1 0 " ffl/cm^ W±©ffifi-??JglS t , M 
O'>x-/Ntti©K^iafi*12xi0'^ atoms /cm' (ASTM F-12 

1.1 9 7 9 ) JetTK««-rS (S 7) . 

[0 0 5 9 ] 

*«:Wa»>X-/\(t>Oi|jg«a ( A S T M F- 1 2 1, 1 9 7 9 ) tt. •^'-'^yV K"^ 50 



(12) 
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©J®^t4l2xi0'^ atoms /cm^ 300QcnilJ(±2000Qcm 
^mo^m-^ii 7X10'^ atoms /cm' t^T . 2 0 0 0 Q c mftt±<Oi®^a: 5 
. Sxio'^atoms /cm' JitTii-T-So 
[ 0 0 6 0 ] 

[0 0 6 1 ] 

nso S2fc:. ±m<ommKtii^ (bmd) ti^m^m.icmmt£ c tK ^ o v y ^ v y 

'>i-/>«ai±T?S!g5n5 0. 1 2 /i mlJ-WXJ^±© L P D ( L 1 g h t Point 

Defect) (Om&^O. 2ffl/c m^ ttTCfiK-TSC 4:*^T?tr«a 
[0 0 6 2] 

IS£WlS3Pi?i^lS K-r«fTt>^«^». «l»!il«tlC»LTlllK^ 
:&l£iScf^$!k9-^ R T kmm^mmv. mm^KL Z (Denuded Zone)JB«}^ 

[0 0 6 3] 
[||fll«f!|] 

^^mommm^^L. it^mtMit-r^ct^o. *«w©j»««w6A>te-rs 

o 

[ 0 0 6 4 ] 

iimWfigS^Unv^lBS-rvdry h3&>6«Da}b. 6 5 O 1C X3 O^J-OffiH H:^-?H*la 
Jaa*fTofc» Sii[^3l<» 1 3 0 0 Q c mf. Bl^jie (A S T M F-121, 197 
9 ) 1 3 X 1 0 ' ' a t o m s /cm' <D 8 'f n l!«|S«>x-/\:&1iaiR 
mMV. -^x-zstf t^«E-r« g r o w n - 1 n ^^RBOffifiRtf 0 . 2 /» m-9--f XU±© 30 

n^flftfiiKj (BMD) oiBfi^ffl^Lfco mmits^~f(ommT*ffr>rco "^x-zNtfJic^fi 

^5 g r o w n - I nXRSOffifiti 3 . 0 5 X 1 0 fl|/cm' T' « 0 . Sl^#r tfl ® 
{41X10' fll/cm^ JWTlffeofe* 
[0 0 6 5 ] 

( g r o w n - i nxmm&(om^m) 

A 1 T -^X-ZN^ffiOg r o w n - 1 n ^^ffi ^Kftfk ^ 46, t^X-ZN^&x-y^y 

^'^afciia-rSo Xy H F : Ka Cra O7 (0. 15mo 

1) = 2 : IT- SO. gai^Ktt30^)-|STfe5„ 

A2T x>y^>y^E)t^««MK:T'>X-/N^Mtfett5Xy^lf y h (grown 
- 1 n^RS) m&^m^o 40 
[0 0 6 6] 

(BMDSgaoiia^ffi) 

AlT $gjBlil^#i8^4'K::BV^T1 000Xxi 6 I^M©i»fiilit»Saa^^liSo 

A2V ffflSilSlia-ejgJSJnfciHlfklS^H F : Hz O = l : l ©xy ^^^^jkt-i^ 

A3T "fx-M^^^ra bfcft. ^^#rtB?&*ISlEfk^-frSfe*©SS?x>y ^:/if:&ff 3 
o S«?X«y ^^i^jSoe^JtttH F:HN03 rCrOa :Cu(N03 )2 : 
Hz OrCHs COOH=1200cc:600cc:250g:40g:i700 
cc : 120OCC0 xy f-y^^at4 5'X-/\©Mffi-p 2 ft m„ 

A4V a«?xy ^Vi^'ftlOti^KaiUCTr^X-M^iBaiKfettSXy y hffifi* 50 
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[ 0 0 6 7 ] 
[ 0 0 6 8 ] 

1 ] 





^£^a* ( Q • cm; 






13 4 1 


n 


350 C. lb ift^LSfl 


116 1 


n 


400 C.'lh 


4 9 4 


n 


450 C/lh j»«ia» 


1 3 7 


n 


500 c 'lb mn^m^^ 


4 4. 8 


n 



10 



[0 0 6 9] 20 
m-9-W'X«±0»IIS«rtB« (BMD) A<«a*n4*»o fefc*. y y y y ^^figtt^^^fc 
[0 0 7 0] 

mn^m->v hin^^womL. 65ot:x3 o^<ommvi--m^m 

ffia^rfrofc. g{ri*A<l57 5 0 Q c m-e. H^iifi (A S TM F-121. 1979 
) *^«?J 1 5 X 1 0 ' ^ a t o m s /cm' O 8 > ^ p ^tt^ •> x-/N^^ISt5Cffl 
EU, Jt«Ml t:0«tg r own- i n^PBSBfiOSS^&tf 0. 2 |t m I?" >r X iJt ± <0 |g 
^«fWft (BMD) ©ffifltOM^^frd i:«C, K-f -Jg<«l»«ia!«©atfi4Sfl!) 30 

o fco tt^^^X-ZNtflC^ft-r 5 g r o w n - I n ^^PBomStt 2 . 7 7X10 
" «i/c .0.2 ;nn-9-WX«±©K^<ff to?& (BMD) Offifitt 1 XI 0 ' 

[0 0 7 1 ] 

■9--v;l/ K:^-^glS^»«lai«<0St^**ill!l^Lfc^S«%^2 fca^-To 
[ 0 0 7 2] 
[^2] 







cm) 




tl I 


7 4 7. 


3 


P 


350 C Ih mULMik 


9 2 6. 


0 


P 


400 X; Ih .fKBS'dfc 


2 3 0 0 




P 


450 V Ih .4ii«as^ 


1 4 7 






500 c 'lh mukm'^ 


1 4. 4 







40 



50 
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[0 0 7 3 ] 

Atl^ 4 5 OX:RXf 5 0 or: (Om-Bt it pMiS'^ nm^(OS.^i)fM.^ ntc. liayiX . 0. 2/i 
m-9-'r XW±(Dj|^^HH& (B M D) ©mfijbM X 1 0 9 ffll/cm^ JJtT-P^Sfe* 

[0 0 7 4 ] 

jimw»S'>y =iy^m^-cy:Jyhi)^p>momh. esccxs o^oymm \^i--m£m 
sum^notc, t&^^nim I 7 5 Q c m-C'. mmmrn iA s T M F-121. 1979 

) 7 X 1 0 ' ' a t o m s /cm' 8 >r > ^ p S!«lt^^x-/Nfc: J* LT 10 

[0 0 7 5 ] 

mmmmmmtii^mmT^it. mm 5 5 0 t:fc«jf ^nfcRi5<Frttc'>x-/\;&jf a tfc^ 
» S(SJFrt*8 5 0 t:*"e»jaLT8 5 0 tcMS-e i i^iffl«itLfe«. 

^moan^rzo ^ummmtt'^yy^y ^mmmt^t^B^ s 5 0 ic x 1 mmoymmmm^mTt 

5$T?©]i'^?Sfel^ra*^5~2 ei^BCftSidlC^SELfi:. rrt^H^tt^^-K^M 

^;«fx#Htc (^ig^x 1 0 0. mmiJx3<ommit) tLtco $fcii^«f a«ujssf^5a 

ai?«. r>x-/N*SKaii^l?li8tttt»Tf 1 0 0 OTCxi 6 i^HinlSiUfco 

[0 0 7 6 ] 

l^ffia^^ tt^mi i: l^fiHOx-zxtjUc^fi-r S grown-ln^cfi5©gBfiatfO. 20 

2 |i m-9--f x«±©sii«fuj«u (BMD) omm^mm-^ ^ t^tc. v-~^;]/Vi-~m^ 

[0 0 7 7 ] 
[£3] 







• ca> Slg^^'f :/ 




1 7 5 


5 ! p 


35o.t:/ih mi&m'^ 


1 7 8 


P 


400 x: .'ih .HiiBisa^ 


1 7 8 


P 


450 IC lh 


1 7 6 


P 


500 t:. ih 


1 8 0 


P 



[0 0 7 8 ] 

gft:tt6atT^fes««. 0. 2 /t in-9--rx«±©»^«f w«u (BMD) ifim^^t^ tittii^ ^ tz 

tctb. yy^"J>i^tltt^<»if$-^#*V^o,grown-l n>:l«©iEliE(4 3. 1 5X1 

[0 0 7 9] 

(JtiK0!l4) 

ji^wj«'>U3y*ieS'r>:J'yhA>e«9tfiL. 6 5 0 x 3 0 ^<omm V i- ~m^^ 

«aa*fTofe. a0i*A^« 7 5 0 Q c mT'. (A S TM F-12 1, 197 9 

) 3S»tt 1 5 X 1 0 ' ' a t o m s /cm' © 8 p SttK -^x-Mfc J* LT, 

lu E ^ 1^ O H ^ «f tb @t )^ j£ f» ffl 9 ft tf g| ^ «f tU % f£ S 1^ m 9 « fT o fc. 
[0 0 8 0] 50 
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'>x-/^tfl^^:#^E■rs 0 . z n mv- ■< xi:JL±<ommmiii^ (bmd) (om&^m^t ^ t 

tc. mmiSitiimm^mmmm<omU'> :r:~/Mc^\,^r It li:ll«Ogrown-ln 

[0 0 8 1 ] 
[%4 ] 



BMD 
ff^ file 
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M m m. 
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fa 'Cm) 
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4 16-4 80 


400 t: ih Mm^ 


924-1072 
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* »3 


4 16-4 80 


450 =c ih mMfm 


917-1067. 


p 


3. 9 -7. 1 


* 0 


4 16-4 80 


500 ^. Ih 


1061-1193 


p 


3.9 -7.1 



10 



20 



C 0 0 8 2 ] 

. 0. z iim'^-f x&.±(ommvim«i (bmd) ommn'^s. 9-7. 1 xi 0^ m/ 

c t^< . ^ V ^ ^^tl A<Si« $ n 5 o $fc. grown-in^RS^lB 

SttZ. 7 7X10* ffii/cm' Tfeofc. LA^L. iiiaa^(D^«IS«>x-/NK:J* 
bT, RTA«S«ffl«/^Tl 1 50t;x3 0»T|S$SU-h 7 0t:/s e c Oil«ia«SS 
Lfc^, ADE 9 6 0 0 (0*ADEa®) i 0 •> x-m©S 0 fi^ii^ L fc C 5 . 30 

[0 0 8 3] 
(JtttWS) 

amw^5^un>#ie^'i'>rf«y vt^^momL. s 5 otxa o^)-©^^K:^-rs*igi 

iaa^fTofc. ajrL$A'*5 1 00~1 SOOOcmT?. mmm& (ASTM F-12 1 
. 1 9 7 9 ) 1 4- 1 7 X 1 0 ' ^ a t o m s /cm^ © 8 ;y ^ p S «iS 

[0 0 8 4 ] 

^J'TM 1 SOtST'jtPrtMe*^*, rrt^l 00%§^;<fX#Hmk:^0§;i. 1 1 5 

oTCT-2. smmunLtco -e®^, 9 o ox$T?4Tc/5^o3ia-eBiiUT. •^x-zn 

[ 0 0 8 5 ] 

ra«ifc>?x-/NfpK:#«E-r5 0. 2 <i m-y-'T xw±©ii^«fw«5 (BMD) (oms.^m^ 
t^tikK. mmiffumi (bmd) ©ffisa^mfettss^xy ^y^^'^. -^x-zs^ea 

iS«)fc^«««fcTaSb. •>x-A^iig*>6'>x-Mai*?5ri^fc: 1 MiBOxy ^ify h 
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©mM•^'X-/^^C0V^TJtt2e9 I tmi^<0 g r own - I n^C86mfi<oaa^*ffofc, 
[0 0 8 6 ] 



(X 10 'atoos/cni') ( x lO-aloms/cm') ( en') (ftm) \ i^M^f^. 



1 3. 8 



1 4. 6 



1 5. I 



1 5. 7 



1 6. 2 



16.8 
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2. 1 e 6 
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1 3 



7. 1 e 6 
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7 e 6 



2. 9 e S 



1 0 



2 6^Ra 



2 6 ms 



9 - 1 smrffiS 0^ 



9 2 0 ^ 



61^19 



7 I 5 5)- 



10 



20 



[0 0 8 7 ] 

nwmmmmcASTu F-121. 1979 ) 7 ~ 1 2 x 1 0 • ^ a t o m s 

m-9--rXfet±©»^«flti«r (B MD) ©mS*M . 9~7. 1X10^ M/cm^ t 30 

y ^ U V^^aiklflltlSo iin:iT. "^X-ZNO^g fC 7 M m/|ttt±0 D Z ^3&^0dc 
StlTfeO, Soij^)»fa?a (HMD) A^!>x->rN^SK:gg^lgttTV'»=B:*^ofcil i:A^6» 

nSo fib, K^^i>*i£®t^iaa^o«^T>x-/>'\©x u -y :/ls^a<D^^*^i^^{i:-Dv^T 
xm h ^ ^ y m\c ^ f) mm L fc t n ^ . mmnyi ikmmi&mm ic^n^^ ici: ^ r ^ :i. 

IfeA^aiS^n. «4S«ai«*<l^«l£8l^t»©Tfeofeo grown-! n^(i«i©ffiStt« 
3X10^ m/ c m' Tfeofcp 
[0 0 8 8 ] 

(Jt«0!l6) 40 

S/y 3 V#|gS>f >:Jy ^)!(>6«J»)I11L^ 6 5 01CX3 0 ^!)-©ilJR H :^-iga&ilfflS*?f 
o fc. fita^*<$5 1 0 0 ~ 1 3 0 0 Q c m7?. ^^lifi ( A S T M F-12 1. 197 

9 ) 1 3 ~ 1 7 X 1 0 ' ^ a t o m s /cm^ ©lEHtcfe 5 7 zK*P ( A ~ G ) 

It. itKeil 5 tcfel^T. J!Prt:<f X^BSm^g^ • ^llg^;!f X^H^ (S^jffXl DO : 

fee 

[ 0 0 8 9 ] 

^«ia^. 3Sii.!»)t5^«rttJc i 0 -^x-zxtfios^iiigaa^iffl^ 450^x11^^ 50 
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. 2 Mm-9--rXJM±Ol|jR«fW«» (BMD) <DtB«*ill^"r S i: mMk^rtHm (EM 

[0 0 9 0] 
[^6] 





m m It Si « • 

atoBs/cm') j atoms, ca') 


B.MD 

va BL 
i.cm') 


Dzm 

\ U Ttif 




ma 

(fi • 
c m) 


4^ iC- fir fix 

v(, isa ifi ^ 
(Q • 
c in) 


A 


i I 3. 


5 


12.1^ 


I e 6 


I 3 




133 


221 


B 


I I*- 


7 : 


1 2. 4 


L7e 6 


1 1 


. 2 6^ffl 1 

^ L 


200 




531 


C 


1 

i I 5. 


0 ! 


7. 2 


5.le 6 


8 


la^nso^ ' 


1003 


1559 


D 


I 5. 


5 ! 


7, 5 


7.4e 6 


8 




1314 


3097 


E 


; IB. 


2 


7. 4 


7.4e6 


5 


' 9^iai205}- 

1 


660 


960 


F 


• 1 7. 




6. 8 


7.4e 6 


6 


71^1815^' 


J 

820 


1160 


G 


3 - 


1 I. 1 

I 


4 e 6 


8 




786 


n m^ &^ 



10 



20 



[0 0 9 1 ] 

:iy:ff7.mm^^-vmm9\-:^u.mms&m^nv>rcmmtr3i^fsttB. d. f. g-p*So 30 

0. 2 /im-9--f XlJt±<Dil^«ttfl«9 (BMD) ®ffig(4 1 XI 0 ® M/cm^ JX± 
fcO, J.o||^«fmi% (BMD) A<«>x-M«ii5fc^frSt»Tl/^**^ofcJl t ffFA 

x<y^>if«;&ftii«-r5i:v D zB©gj»tt 7 /I mm&&mu^tix\^>rctmmin^o 

[ 0 0 9 2] 

BI^©fifc<fc5Strt^0^fl:*aSELfc^»K:<tS n S - p 32 © E S < , 40 
^OSm^OSfbA^IOfflflC!) 1 0«S«jeil>9:l>ll$K«S». iBJm&mmifi I 0 0Q&L±3 
00Qcm*}SO«^t4l2X10*^ atoms /cm^ JeiT, 300QJlX±20 
00Qcm*Si©«^tt7xi0'^ atoms /cm^ tXT. 2000QcmlX± 
O^^aS. 8X10'^ atoms /cm^ UT-PfeSa "TS:*)^. K^«rHJ©tia 
ffi9iCj:t>T. |IJlll!(Dfi«i¥tC^-r%»#illliai^ (A S TM F-12 1. 19 79 
) *^±S(D®iEiSB8Kffl:T?nT»/-'5fltit'>x-/N A~F -Ptt, it- ;l/ K ©Jgfig fc 

[0 0 9 3] 50 
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•> :/ ^i — K J: 0 •J'X — /N^ ffi±© 0 . l 2 /i m-9--l' XlJt±<D L P D (Light 

Point Defect) <ofiiS[«i3iE ufc. B^^mT K^to mmm^tim:km& 

A< 3 ^/-^^x-ZN ( 0 . Olffl/cm^ ) "Cfeofco 
[ 0 0 9 4 ] 
C«7] 









A 


.52 2 


C 


15 2! 3 


F 


3 9= 1 



[0 0 9 5 ] 

(.mi&mi') 

ffia^ff fc. fiSi$A<*5 7 5 0 Q c m. K^Sfif ( A S T M F-12I. 1 9 7 9 20 
) A^tt 1 1 X 1 0 ' ' a t o m s / c m ^ . K^SSA^IS 1 x i Q ' « atoms 

aRtfii^w wtti^siifiia^fTi/v ( A s TM F-121. 1979 

)^m4. Sxio'^atoms /cm' 
[0 0 9 6 ] 

'>x--/Ntr>lc#«"rs 0 . 2 M m-9->rXJSt±©ll««ftB«S (BMD) ©fB«*Si^£L:?fct 
C 5, «Ifi8BI«©a ( A S TM F- 1 2 1. 1 9 7 9 ) 1 5 X 1 0 ' ' a t o m 

s /cm* a^^fgaat ( A S TM F- 1 2 1. 1 9 7 9 )*»4. 5X1 

0'' atoms /cm* Sif Ttf fcttKC! 4 fcSffl^ C 4 . 3 ~ 6 . 2X10« 

fli/cm^ ifmustiTco mmmamm&mmmm<omi&^ji-/\K'o\i^xtt^m 1 1 ^ 

miSiff) g r own - 1 n^P6Sga©iB^^fToyti:C:5, g r own — i n^^R6<Dffig{4 
3. 2X10^ fli/cm* T-fec>rc. *fc. j»«ia^©^«^!>X-/Nfi:itLT. R 

T Aigfi«ffli.>T 1 1 5 ox: X 3 o^-pRjai^-h 7 or/s e c ©iiffla*«Lfc». 

ADE 9 6 0 0 (B*ADEttS) C J: 0 r> x- /n(DR 0 S« 89^ L C 5 , KOStt 
¥i^«5 /imttTTa&Oa««aififcffnT«/>fco 

[0 0 9 7] 

(l^»M2) 

jl«WJS->Un>#JgS-f:/:fyhi^6«0ffiL. 6 5 0t:x3 0i)-<D^^K:J--?g£|» 
ffia^rff o fc. gfii^A^*^ 7 5 0 Q c m, K^SS ( A S T M F-121, 1979 
)!{|^«15X10'^ atoms /cm* > 1 x 1 0 ' « atoms 40 

/cm* 0 8>f >^p5?«Kr>x-/MCJ*LT, Jt«»!l 3 i: ig«l<Dl8^«f aS}^JSr?a«i 

aRtfii^«fta«Sfi!cS^«iffl*ff «#ii^iia (A s TM F-121. 1979 

)^mA. 5xi0''atoms /cm* tUfco 
[0 0 9 8 ] 

i^X-Mitifc^ft-r S 0 . 2 |t m-9^-f Xet±©lft|g«rtllftl (BMD) ©tgK*»l^ L fc 
C 5. Hf^iia (A S T M F- 1 2 1. 1 9 7 9 ) A<*5 1 5 x 1 0 ' ^ a t o m s 

/cm* r*. ^wmmmm (A s T M F-121. 1979 5x10' 

^ atoms /cm* * T'Ttf fcitUfiW 4 * 0 «® K 6 . 4-7. 7X10^ 

own — i n^Pil5%S(D9I£^fTt>/u2^(l9« g r own — i n iKf& ^ St ii 50 
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3. 4X10^ m/cm^ T-feofco fl«aa^<D^«gS»>x-/NjcJ^LT. R 

TASS^fflV^Tll 50'CX30#7?K®Ix-h70'C/se c ©J^Jiia^ffi U fc^, 
ADE 9 6 0 0 (B^ADEttS) K J: 9 T> X - m <D S 0 « « SO ^ b C 5 , S 0 « f4 

C 0 0 9 9 ] 

o fc. fi$t^*M 1 0 ~ 2 5 0 0 Q c m. KHiga ( A S T M F-121. 1979 
)AM4~16.5X10'^atoms /cm^ . mmm&f^ 0 . 5 ~ 2 0 x l 0 

atoms/cm' (o 8 ^ z/^ p m^wy 3i~/\\cit . tt^M 5 tmm<om 

ft(ASTM F-121. 1979 )%4.5~6X10'' atoms /cm* 
[0100] 

•To •>x-/Ntt»fc:*:ia©»««rlB«» (BMD) *^K«fiK#«E^ S fc 6 -fx i^MS 

S S © li (c # o T X - /s © « « W 511 S *^ % « W fc tRi ± -r S o 
[0101] 

u 3 i/#^s>r >:Jy h36f»&«9mL> esccxs 0 ^<omm v-t-m^mmm^fi 

r^tc, &^mtifm 5 0 0 ~ 2 5 0 0 Q c m-V. mmmm CA S T M F-121. 197 
9 ) 1 5 X 1 0 ' ^ a t o m s /cm' . j^l^SfiA^S^ 1 ~ 2 x 1 0 ' ^ a 
toms/cm' ©«HlCfe53*JP©8-1'>^p S.'>X — m (Z1~Z3) fCifLT 

nm% (g^^Xl 00 '.mm-»7.Z ©JSajt) *^;tfX»H^X{4 7;l/:f 

[0102] 

mM^. ^9s-m.%^isim\cti*) ^ y.~/\^aym^mmm&^m^h. 4 5o*cxii^ffl 

SIB^Lfc. *fc. ?^x-/Nft>K:#«"rS 0 . 2 /I ni-9-l'XJX±©ll*«fm% (BMD) 

©SBa^ii^-r 5 Sfl«Tffi% (HMD) ©S&fiilB^fcfcttsaB^x-y ^>^^, 

'^x-zN^iaooS^jt^saMKiTfimL. '>x-/^sMA^e.'>x-/^a?^:^rl^o^cl^g© 

Xy^e-y hA<aS?n5$-e©ffifSSD Z®©®J¥i:UTa!l^Ufc„ ie**^8{c^-r 

o 

[0103] 
[^8] 
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: (*0* ufo: * l*o-.*'' ^ S ■ ^'^^ 

.atoBs/CB'} atoBs/cB*) atoas-M') . ^ lii 

• , c mj cm) 



2 1! 1. 
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4. 6 



6.6e 5 



1 5 . 2518 17030 
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2. C 



^ ^- * 4. 2 5.3e S • 8 . 1 1 ^ffi . 1232 
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11 i 5. 1 2.8 7.2e 8 8 



2 :. Z 2 :*jll7i-Jt. Z3:Ar7--A 



1987 



. 521 725 
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[0104] 

^0«T{4<i»-eife5o 0. 2 nm^>( Xl».ii<OmmiSxmm (BMD) ©IBKA^SXI 0 

©D Z^A^J^^^tlTfeO , aoK^*ftil!fe (BMD) 'J' X - ffi fc ^ ^ tt T (z'' * 
t^-ofcCttS^h. fffiBxyf-V^yfti^in^-rSi:. < t D ZgO®»(4 l O/tmig 

[0105] 

jah4?^^77&{c*0 5ISLfci:<i5x I6«n:^f ttfc^«aS(^ k: gi5« C i o T x - 

A^^A^fciiS^nsfctjT?. ^^©^k: 1 1 5 0 ^<Diag-e 1 i^paojiinSiJaa^iibTt. 

[0 10 6] 

Mf;:. :^-9-i':>';i/Z i ~z 3 ur»^^:?JiSai(iifflaB5«-p u--!f-/^-x ^ 

^'^'-fcl i O'^X — /\affi±<D0. 12/t ^ X&,±(0 LPD (Light Pol 
n t Defect) Ofli»*iHt Ufc, «S«««9 fc^-To ii«ia^t±«;*:ffiiaA< 3 ^ 
/^^X-M (0. Olffl/cm^ ) ^fetjfco 
[0107] 
[^9] 



20 
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i 






Z 1 


5 9 3 


Z 2 


3 8 3 


Z 3 


4 9 1 



40 



[0108] 

(mmm 5 ) 

ofc, 1 0 0 ~ 1 0 0 0 Q c m-p, KigSfi ( A S T M F-121, 197 

9 ) 1 3 ~ 1 7 X I 0 ' ^ a t o m s /cm' > K^Sg*^l5 1 ~ 2 X 1 0 ' 
® a t oms/cm' (0SBHK:$S6*Ip (H~M) <08-f>^pS!«>x — MfcJtUT 



50 
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Msufc 1 1 5 01CX2. 5f^m<ott tmm&».mmi)U3ii£mv<tiz^oic. iioo 
t-efi 5 i^fflfiUf . I 2 0 0 ic-^tt 1 i^rafiiJti: Lfc, 

[0109] 

[0110] 
[SlO] 
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1 5. 
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7. 1 
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1629 
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7. 3 
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1788 


L 


• 1 6. 
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hoot:/ 




7. 4 , 
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1088 
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1200^:/ 
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879 


1276 
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[Dill] 

00TCx5[^ra*^6l 200*Cxi ^ffl $ -PlimSStlr^ff ^^M U T , D ZBOSIflti 
C 0 1 1 2 1 

Sfc. llii0!l4i:l^tt{i:flli«'>x-/\fc:fc{t5XU -y yiitC[<D5l5fe*?iH fco X S8 b 4? 
i^7:7SC J: D StSLfei: C 5. 1 l^K<Dl||l5^:^rfitScf^fflS L fc«^'>x-7N i , k. 
MT'ttXU -y:^i|gfi[©%4ttSm?n-r. 5l«S<DK^51.;i5raMS[ii«iaUfc«IS'>x-/N 40 

[0113] 

■9->:/;i'H. J. K. Mo^4ttic«UTSS^ii-;^fffi^|gisaaBu^T-u--if-^^-7^w' 

/W^'i'V^'-t J: 0 C^X-ZN^ffiiOO. 1 2 ;i m-9-'l'XJK±<0 L P D ( L 1 g h t P 
o 1 n t Defect) <D(BSC«3liE L fco M^^S 1 1 iC^-r. f^«ia^»S:A:jeSC 
AM <H/'>x-/N (0. OHH/cm^ )"e*ofc„ 

[0114] 

[^11] 
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mfSL (T /7i-A) 
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4 7. 4 
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5 8 1 
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6 2 2 


.M 


5 1 1 



[0 115] 

g r o w n- 1 n^«<D«a*M X 1 0 ' ffl/cm' WTT?* 5 llSg«f tHfliJt««© 
**>6«:5C0P7';-(D->U3^*^^^:/d'y ht, llC<grown-lnXHI© 
ffigftMxiO* <B/cm' U(T-e«5K^«fti}{SjS®«Stf||^«fmai^®lS© 2 

A^&«Ombx 6501CX3 0»(Omm K:^-?B*l»«ia*ff ore. »tri^ft^» 10 0- 
9 0 0 Q c m-e, i^lljgS ( A S T M F- 1 2 1. 1 9 7 9 ) 1 4 ~ 1 7 X 1 0 

atoms /cm^ <D|g H C 5 7 *Sp ( N ~ T ) © 6 > ^ p S X — /\ J* 20 
UT, 1 1 5 0fe2- 5ltSOg!imi1-:&ffl;iCJ^«ia*fTofc^. 550~8 50'C<DM 

eiBiflT 5 - 2 6i$i9<i[>tt3K«rffi4i)^i£i!^«ii!«ff Mtc i 0 0 0 1: 7 t 6 i^raottffs 

So 

[0116] 

mms.5 x/^-^ ii50t:$-ej|prtfflg^±#b/-co c:©K©;!fxi?H^{i. • g| 

^g^:tfX|?H^ imm^T. 1 0 0 : ll^;!{fX 3 Oi5«lt) tLfc„ *LT1 1 501C$ 
:i!fX«B§C^ 1 0 0 %SlK;!fX#|!g^lC«@^. 2. SI^H^lfL^^. 9 0 

0 -cs 1? 4 *c/:0-©?&ai3iST*i^M 9 0 ox:-e'^x-/N^<Prt3b^ssiotaufeo 30 

[0117] 

isa«'Wr5S«-?*So $fc. 1 0 0 %g^;«rxi?Hm-e«isaa*ff 3 -^x-zN^ 

J; 5 lc;tfX#i8a©«iif«ff ±ffiO J: 5 C St^ L fe„ 
[0 118] 

^Saa^. filSJ-^x-zN^^ 2 ^^S) -:^r ®•9•>:/;^^^:■^^,^Tl^^|»)t^)■«rtt^c i 0 "^x 

% 2 M mxy ^^^r u, -fom, Jt^Saii*fflV>f;:Bu3SO;tf ffi fc J: D D Z®<D®<P*iBll 40 

^^T{i, 4 5 Ot:xii^W©-t?--T;PK:^-0figii«ia^ffofc«, fifii^^jll^U, H 

^i§aic J: 5gifi4s©gft:«iiit ufc. iea*ai 2»i:^-ro 

[0119] 
[^12] 
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[0 1 2 0] 

«iiaffi«-ci&5o iJ->:^;i/SRffTK:oi^T{4» «#ii^afi. Bi^ffattffifi. Dzm 20 
y yi/ T? a -i? X - / \ (D » o * -e jw ^ * fx o fc o 

[0121] 

^0. a.'Dmmmavia (bmd) a^>>x— /Naffife:i§#attTt^%*^ofc<i i:*^^. 

^*nS„ S#Bl^iifife 7~ 1 2 X 1 0 ' ' a t o m s /cm^ 
[01 22] 

atoms /cm^ t(T . ^iWfilfi^ 2 0 0 0 Q c m * ?ii T- {± iltl 8 x l Q » ^ 
atoms /cm^ iXT. tBWfiia**^ 2 0 0 0 Q c mJit±-e 5 . Sxio'^a 
t o m s /cm' ietT"l?fe5o 
[0 12 3] 

^'X-M±ffiA^ffi|g#fmffiJi®lg|*>P>ft51?^>7';l/N~ S COl^TJi, '>x-/\MrtT*i5 
-tcK^«ftfl«BA^}gfiE«nTfeO. lam^soif eoft^J^^rV^A^ ^ lg «r ttJ ffi Jt ffi Ig? Si 
^«fW«il6!l««fc«»li«E"rsi?-y:/4'Tk:o(,>Ttt. "^x-nffirt T*K^«f 

(5ffifi-Pife«iias«fa»iM«« (•^x-MHiaS?) •P©1t-T;P K-?--jg|fiK: 
<l:«fita*©lEft*^**<. '>x-/Mirt-^i§-ftSJft**tf|5n**^ofc. 50 
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[0124] 
[0 12 5] 

fcttS^jRSmSti 3 . 4 c m" ^ (ItlJCit ^llfigeHtfcV^TiJ^^^ltaM 10 

l!©»«ff ofc1^y:/;^N (C0P7U-) K:43V'»Ttt> luE^cBifFffiSSTaj^ 
/i mrtSUJCfettS^iHIffillffe 0. 0 2 c m" fcffltffi-^ fco 
[0126] 

gfi^C^ft-rS g r o w n - I n ^<JHIL*^M« • «/h«-BrS C t if X ft tSU,^ „ Sfc, *^ 

(ommti' ^mx-r ^»tt E <om^m^. si?p> • u ^/^HOx-zNjajft^s^^fti^^s 

K-/<y h^*ififijA^'>x-/\|^«fc:igA-rSJifc*^S:i:$nSo UfcA^oT. iOlSaS 
fk^^S-r StCJi. |g©WJ«l«3&»& g r own - 1 n>lPil*fiJli«-e:fc C O P 7 U-ISS 20 

[0 12 7] 

(IIJfiff!l7) 

g r o w n - i n >lPS<DIBg*M X 1 0 ' ^H/cm^ feiTTfe 5 K««f ffiffiit^ig?© 
»*>6>&5C0P7U-©i'>j3;y#iBa-fy:J>yhi:. igC< g r own - i ni»iPS(D 

ffijSAMxio' ffl/cm* ^-fxab^ikm«tiiummmRxfmmmmmmmm<o 2 

6 5 0TCX3 0»O||^K-^-M*JKl«ia.*ff ofc, fifii^A^iWSOO 
~ 9 0 0 Q c m-^v K^Sfi ( A S T M F- 1 2 1 . 1 9 7 9 ) 1 3 ~ 1 5 X 1 

O'' atoms /cm' © |g H fC 5 5 ( U ~ Y ) O 6 > ^ p Si X — Kl 30 

j*LTTe©ifM»efiai«ia (RTAjBS) «fTt>fc„ 

[0128] 

6 0 oicfcfiUf *nfcj^rtic^rx-/\:&aAtf=«, 5 0 ic/©©pia]iKT^^®it* 

[0 12 9] 

•^x-zsU : 1 280t:-ri ^mW. (S^^XI?fflm) 
r>x-MV : 1 2 2 0"CT?3 oe>J!ia (g^;i!fX^fflM) 

!>x-/NW : 1 2 2 0 ^1?3 Oi^aia (S^;{rx^H^) 40 
"^x-MX: 1 280'Clfl l^jaai (S^;itfX^H^) 
>>x-/nY : 1 1 50*C-P6 0»JBa (7 5/*x7 + 7;l' Ji'g^^H^) 
[0130] 

-M4>©«#»^©fi*il!l^bfc«, ^rx-/N%^|§LTaj?Xy^>i^K: J: O^BaaS* 
2 /imx>y^y^f ^•©Sv )t^S?Sii=&ffll^fct9]^©7?)*fj:.k t) D Z®©e»*3l!l^ 
Ufe. $fcO. 2 Mni-9-'rXJW±©il^«fm«5©«a5a!l^bfCo ^■f5(0^yf}V\C'D\^^ 
Ttt, 4 5 0 1Cxil$ra©-i^--r;l/K-^-}g^f!a«ia*fTofc^> gta^^SlI^t, Hfg 
Slgfc:J:5Stfi^©^ft:^liiEUfe, |g«*« 1 3fc^f. 

[0131] 50 
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5 . 
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[0132] 

©r>x-/\ ^^or>x-/N(|iit>a{ttiiMi«fmffiji«iii. 2 o mmosiaaj so 

:fev^Tfe, •>x-Mffi|^ifJ9-4g|^#rtm4)A^)gfig^nT:e»). t A> *^ x-m 

A^Sft^s c 0 p 7 y -'>x-/Nfi:fc(,>Tfegiri^A^'>x-/NMrt'e^-{b2f nso-p* 

5. 

[0 13 3] 

(ii£ie»i8) 

g r o w n- 1 n^HS<DffifiA< 1 X 1 0 ' ffl/cm^ ttTTfe S l&^«f W<EJlMlg|& 40 
tfll^1ffitt«Ii«®«0 2aa*>6 39:5 C 0 P 7 U -05/ U 3 >*ieS^ ^ rf y h Affile L 
fc» il(D-r^:J«y hA^^WOWb, 6 5 0 *C X3 0 ^)-<DK^ K:^-M35fiiaa«fTo fc, 
fiSi$A^»3 0 0 -9 0 0 Q c m-p, H^gg (A S TM F- 1 2 1. 1 9 7 9 
14X10'^ atoms / c .jK^ISfid^O. Sxio'** atoms /c 

m' -efeS 6>f :/^OpS?!>x-/\fe:aLT 1 2 2 0*CT3 0© (Sll;!rx^Hg) © 

[0134] 

x-/N<ort>4:>Sttil%«rt&iSit««v ^Ja;!i'& 2 0 mmCD321S»»iKlK«rtiini|ll®«-e« 50 
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[0135] 
1 4] 
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[0136] 

©h4?y77ffilcJ:0«|gUfctc5, lllg^^:«Fi!;icl»«iai$fc3^ita5«lc ioT-^x- 
SSfi-efetJ fco COCti^e. grown-ln ^PBOffifiA^ IXIQ^ ffl/cm^ 
«TlffeS C O P 7 y-OCrx-zMcfeVNTfegg^ K-:^**«« Weia©3S[#fc W«rTf 

[0137] 
[«WO«!i*] 

«±»CiiBBLfcfc45?). *58ra<0«fi«iS^U 3 y!>X-/Ntt, !>x-/\rtg|5K0. 2/tm 
■»J-'('XJ.;(±<DK^«fWttl (BMD) AM X I 0 * ffl/cm^ ±(D^ mX^B tlX 
S c i: K <t 0 > y-y U y^^'tlfeifinSo «I»iS«t UTiafflOJf K^S'U n >!>x- 
»Jg3X h*fiK-e#So "^x-MtlJOlllfiSfiA^ 12X10' ^ 
atoms /cm' (ASTM F- 1 2 1, 1 9 7 9 ) JKT K ^ IB ? tlT 5 C ^ 

[0 13 8] 

Ctlfcin*. "^X-MtfiOJ^^iig* 0 . 5X1 atoms/cm' bt±k:@ 

mt^ctic^t). mmmmvis (bmd) (o^mB^icf¥^o'if3i-/\mm(o&-f^^mr 
t-s. mmmm^ (bmd) (om&^i&mx^?,c ttc^*). mmm^fpcommmmioy 

18$ 1 2 X 1 0 ' ^ a t o m s /cm' (ASTM F-121, 197 )$Tf§| 
[0139] 

$fc, -bnxy ioTCiffiSnS g r o w n - 1 n^^fB<DfiafAU X 1 0 ' c 40 

m" ' ar-ei&s c 0 P7i;-©iigs«ffiffl-rsc: fcfc:* 0. c o ? 7 u-fcofcfeor 

rJ > r X - 4^ A? 7k ^ 7 X - fc 3 K g ft « 0 » T- * S o 
[0140] 

*l«W<0«S!fiS'y nV-^x-MCSig^^riStt, Ift^iggA^ 14xio' ^ atoms 
/cm' (ASTM F- 1 2 1. 1 9 7 9 ) tt±OSil^^atft U 3 > «> X -/n 

i: fclin^. ^«iam<D«#»^jfifiAM 2 X 1 0 ' ' a t o m s /cm' (ASTM 

F- 1 2 1. 1 9 7 9 ) t&<. R-Dmmvim^iB&mmmRxfmmviiii^^m 
mmm(0 2mf&mmi>^mmf£n^ctic^o. i^mommifieivs (bmo) ^mt^mtcm 

la-CffS, A»«ICtt, 0. 2 Mm"9--rXW±<DII««fffi» (BMD) % 1 XI 0 * U 50 
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3 ^"j/x-zN^^Sji-e^-Sa ^ LT, m^mmmma^ 12x10'^ atoms /cm 

^ (ASTM F- 1 2 1, 1 9 7 9 ) WT t Sfllfi « tl « C i: fcl J: 0 , r - 
[0141] 

cnCiO*, r>x-/\(ti(0^^iSiE* 0. 5x10' « atoms/cm^ U±K:S 

a-rs c i:ic j: 0 . K^ffmft (bmd) cD^«jgd2tfli3 r>x-Maig©fiT«aii69-p 

*f=, s^ffffitif (BMD) ©j^is*ffi5tT-#sc J: o> wmmm^ommm 

e©T®«12X10'^atoms /cm^ (ASTM F-121, 1979 
) *T-§ITlfT-#5„ 
[0142] 

$fc» •trnx-y^V^Kl.koTeim^nSg r own - i n^?B6<D^a*< 1 xi Q ^ c 

m" ^ inyes>^ copy o-m&^mmt^ctK^o. co ? y v -it<orcib<DTA^ 

:f > 7 ^ - ;!/ * ^ T r: - ;l/ K flt 5 S «i ^ ft: % 0 » -P # S o 

[HI] K:^-A^'>x-M<Dg|ri^»c#^lS^»*g^'r i^^7-eJ&S„ 

[02] |gS>:PBO-»««:S:i5flfll5)-«*3^-rfilBfiliHl?*5. 

[H 3] «SS§l±(fi£l&«3Sfl:?-&fc2:#<DfgS^ie^«<Dfi)[S^{b«^-rtS!BrSH7% 
[0 4] *5graoSlfifiJgfi§K:fc(t5«lS#IB«:^-r 7P-T'feSo 

[0 5] BSijsjga§tc:&ttsi»Ma© t - h A?->^3^-r^^7 7T?fe5o 
[0 6] ^3:-/stp<ommm&tiiiSL»mmmt<om^^^'r^7yi*ibZo 
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oo 




ett»Hf- 



l>f ttOSP 



(28) 

[B 4] 



JP 2004-6615 A 2004. 1.8 




m 



n 



Ml- 



n 



120 








ito 


^ — 1 








» 




















40 










30 

A 











LB^ia tE*U tMJ LEfl» 



1$ n 



(29) 



JP 2004-6615 A 2004.1.8 



